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OF 5,300,000 OF A KlXG OF ASPECT RATIO 5.8 

EWEFCB3RMARJJ 32O AT TBE: WING EDGE 

By Robert R. Grahfm 

The lar;-eped lateral control  characteristics of a 32O sweptforward 
wtng of aspect r a t io  3.8 and HACA 6 M e r i e s  a i r fo i l  sections have been 
determined in the bagley 1Ffmt pcessure tunnel. The investimtion 
included the measurement of the  hiqe+mmnt and nomal4orce  charac- 
t e r i s t i c s  of an aileron asd the rolling-effectiveness  characteristics 
of the aileron and several configurations of spoilers. The effects of 
an lnboard leading-edge flap alone and. in combination uTth a double 
slotted trail” f l a p  an the  characteristics of the aileron and 
spoilers were a l s o  investigated. The t es te  were made at a Reyno lds  
rider of ~,3OO,OoO and a Mach m e r  of 0.16. 

The ra te  of change of roll-nt coefficient with aileron 
deflection CZ8 decreased fram 0.00715 at lov angles of attack 
t o  0.00060 at lift, 

The additian of a l e a d i w d g e  f lap an the inboard portion of the 
wing resulted i n  8 slight increme in Ctg  through most of the angle- 
of-attack ran@ but, had a negligible effect at - lift * When a 
partlaldpan double slotted f lap  was deflected in cambinatlon witli the 
lesciiwdge flap, CZ6 did not decrease t o  aa low a value at m x h m m  

l i f t  as with flaps nsutral. 

Spoiler l a te ra l  controls lcrcated on the inboard portion of .the 
Xing were conaidel.ably leas  effective in producing rolling mcrments than 
spoilers located near the tipa even at law anglee of attack where there 
wae no stalling on the wing. A spoiler on the outboard 20 percent of 
the sdspes maintained most of i t a  effectiveness t o  the higheet -e 
of attack  tested. The rolling effectivenet38 was about the ~ a m s  for a 
step spoiler as P or  a plain spoiler. . 
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The spoilers shared the  chxmcteristic reveree rolling mamsnts for 
m r d l  projectiona that have been observed for similarly located~spoilers 
on unswpt, wings. 

The UBO of swept wtnga t o  alleviate some of the &igh-epeed,aer+ 
dpamlc problems of transonic a i r c ra f t  introduce6 Preveral s t a b i l i t y  and 
control problem in the low-peed rernge. Some of these problem are the 
result of the stalling characteristics of the swept wings. Sweeping the 
wingE1 usually causes the initial stall to occur on the inboard portion 
of Bveptforward wings and OIL the outboard portion of m p t b a c k  wings. 
The e t a l l  is often accompnled by destabilizing pltchfng lnamsnts and, i n  
the c a w  of the sweptback w, a loss of lateral control. 

Leadbg-edge stall-oontrol devices BUoh a8 slats , leadhg-&@ flaps, 
and drooped-noee f lspe have been used 6uccesef’uU.y on sweptback W I D @  t o  
delay the  t i p  stall and thus al low &able pitc-nt variatione and 
lateral control to be maintained throughout the high”lift ~etnge. (See 
references I t o  3 . )  Such devices on aweptforward wings, however, wvuld 
be required t o  delay the inboard stall t o  -me the pitching-rmclmsnt 
characteristics and , consequently, might cause a 108s of l a t e ra l  control. 

In order t o  determine the effecte of stall-cantrol and high-lift 
device8 on the  longitudinal  stability and l u t e d  control characteristics 
of a mptforward wing, an investigation waa carried out in the Langley 
lp-foot pressure tunnel on a 320 sweptforwsrd ~ i n g  of aspect r a t i o  5.8 
and taper r a t io  0.39. The longitudinal  stabflity  characteristics of the 
wing axe reported in reference 4, and the lateral control charaoterlstics 
of the wTng are presented herein. 

T y p 8  of Lateral ccintrol i w e e t i & m d  were an aileron and eeveral 
configuratfons of spoilers. Stall-control and high-lift devicee 
lnvefltigated with the lateral controls were an inboard leading-edge 
f l a p  and mial-span and full-span double Blotted flaps. The major 
portion of the investigation was rmsde with the wing installed on L 
fuelage,  but one spbiler conffgumtion waa tested on the wfng alone. 

The data are referred t o  the wind azes with the origin at 25 percent 
of the mean aerodpamlc chord on the wing a lone and 10 percent of the 
mean aerodynamic chord on the “elage coabination. The data have 
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(0.0884 cu fi) 
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c28 ra te  of change of rolling.mcaasnt coefficient  with  aileron 
deflection 

5 

chs ra te  of change of aileron -nt coefficient with aileron 
deflection 

P rate of change of resultEhnt"pressure coefficient with aileron 
RE - deflection 

ra te  of chasge of aileron hinge-& coefficient with angle 
of attack 

P r a t e  of change of resultant-pressure coefficient  with angle of 
R, attack 

The airfoil   section perpendiculeul t o  the 22.5pereent-chord line 
( t h e   2 F p e r c e e h o r d  line on the orfginal mswept ving (reference 5)) 
was an NACA 65-910 profile . The wing had no geametric dihedral and 
1.8O geometric washout a t  the tips .  For moat of the tests,   the wing 
was installed on a fuselage of circular cr088 section and a fineness 
r a t i o  of E:l, with  the root chard line of the wing on the center line 
of the  fuselage. 

aileron wae of the conatant--percentage type  (0.20~' or 0.222'2) and 
extended From 0.5% t o  O.% on the left wing panel. It had the 
882118 conkour behind the hlnge line as the corres- portion of the 
a i r f o i l  section. The nose was cut away so that a flexible seal could 
be attached at  the hinge line and thus any hinge mament due t o  tension 
in the seal  would be elhbated. The balance ccmmment was provided 
with orifices far measuring pressures above and belm the seal. The 
aileron was attached t o  the wing by three 8trairbgage beama whfch 
indicated  electrically  the aileron hinge moments and the component of 
the aileron normal force perpendicular t o  the -hard line. 

Details of the  lateral+antml devices are shown Fn figure 2. The 

b 

configurations of spoiler  lateral  controls were investigated. 
The &lain spofier extended along the  &prcerrt-chord line, and the 
step spoiler consisted of 8 series of spoiler segments placed 
perpendicular t o  the plane of symmetry with the midpoint of each segment 
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on the  60"percenMhord line. The epoilers p j e c t e d  normal t o  the  
surface of the wbg-and projections  iwestigated were O.OO5c, O.OlOc, 
0 . 0 4 0 ~ ~  and 0.100~. Details of the spoilers are e h m  in  figure 2. 

Detaila of the 0.41h leading-edge f l a p  and the pztialdpm and 
full-apas double slotted flaper are  shown in figure 3.  The position and 
deflection of the double elotted f l a p  and fore flap were the same a8 
those used on the unsvept wing of reference 5. 

2 

A %upport eystem was wed t o  mount the wing alone in the  tunnel, 
but a t h i r d  support was added at the rear of the fuselage when the wing- 
fuselage conibfnation was tested. The d e l  mounted in the tunnel is 
shown in figure 4. 

The t e s t s  were made in the Langley l+foOt mesure tunnel with the 
air in the tunnel compssed  to  about 2k atmospheres. The Reynolde and 

Mach numbers for the tests were 5,3OO,OOO and 0.16, reepectively. 

The effeotiveness of the vaziouer lateral-control devices was 
determined by taklng force and n n t  msasuremsnts through a range of 
angle of attack f r o m  Oo t o  beyond the stall wlth the aileron set at 
various deflections or with the spoilere eet at variourr heights, spans, 
and eparnrise locations. Aileron hinge momenta, normal. forces, and 
balance-ccrmpartment pw3sures were d s o  measured in the aileron tes ts .  
One series of spoiler tes te  was made on the ba8ic wing, but the ree t  of 
the tests were made on the xing-fuselage combination. The aileron and 
spoilers were tested on the wi+fuelage conibination with f laps  
retracted and Kith inbosrd l ead iwdge  flaps deflected. In addition, 
the  aileron was tested on the -elage combination with lnboard 
leadiqyxlge and prtial+qaa double slotted flaps deflected, and t3e 
spoilers were teated on the wing-fuselage cmibination with inboard 
leadiwdge and Rrll+qmn double slotted flaprr deflected. 

3 

The lift and pitchi-nt data presented herein have been 
corrected for aivtream misalinemnt and for support tare and 
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interference  effects. Jet"boundarg corrections t o  the angle 'of attack 
and pitching-moment data were obtafned by a method adapted from 
reference 6 and are as follows: 

No corrections have been applied t o  the rolling+normnt; yawing- 
mament, h-nt, or  nomal-force data. Jet-;boundarg corrections t o  
these data were found t o  be m d l  enough t o  be negligible, ssd t h e  tare 
and interference  effects on these data aze believed t o  be negligible. 

A calibration of the  afleran seal indicated a lealrage factor E 
of 0.036. The babmce+cmpwtmnt pressures have been corrected f o r  
th i s  le- so that they repreeent preesures with 8 conplete seal,  The 
effects of the ledsage on the roll-nt and hing€wKment coefficients, 
howeyer, m e -  believed t o  be small and have been neglected. 

The aileron normal forces were measured normal t o  the wing-chord 
line instead of norr@al t o  the sileron-chord line as is c y s t m y .  An 
analnis of a i l e ron -p res su r~s t r ibu t ion  data f r o m  reference 7, however, 
indicates that at amal l  deflection6  very little error is lntroduced by 
this method of meaeurement and at large deflection6  the normal forces 
ae  presented herein &re about the same BB the true llormal forces 
multiplied by the cosine of the angle of deflection. 

In order t o  s h p l i f y  crmrparison of the  results,  the data are 
presented in the following order. The characteridice of the aileron 
are presented in figures 5 ,  6 ,  and 7 for the  configurations of flaps 
neutral, leading-edge f l a p  deflected, and lea" snd double 
elotted flap deflected,  respectively. The data of figures 5 t o  7 have 
been s ~ ~ m ~ ~ ~ x i z e d  in figures 8 and 9 .  The characteristics of the spoilers 
are presented in figuree 10 t o  13 for both step and plain spoilers on 
the m r i o m  model configurations. 
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Aileron Characteristics 

HACA R?4 ~9m8 

Winff  and fueelsge without flaps.- The rolling-effectivenees 
parameter C W&S constant In the low and moderate  angl-f"attack 

28 
range at about 0.00113 to a = Eo. (See fig. 8.) Above that angle- 
of-attack range the value of C decreased unt i l  at a = 25O it was 

only about 0.00060 or one"hslf the value at dt = Oo. S t a l l  studies 
(reference 4) show that the fnitial stall occurred at the root of the 
wing at a fairly low angle of attack. As the  angle of uttack wae 
increased, the stalled area s~p'ead outward until at about 12' it had. 
reached the inboard end of the  aileron.  Further  increases in angle of 
attack cawed the s t a l l  t o  spread still m o r e '  until at the higheat angle 
of attack of the  teats (25O) a large portion of the aileron was with- 
the stalled a r e a  and a reduction of C refmlted at those angles of 

attack. 

28 

26 

The value of C for low anglee of attack has been calculsted by 
28 

the method glven i n  reference 8. The computed value W ~ S  0.00108 or  
slightly less than the  value obkfned experimentally. The agreement is 
considered 8atisfactory. 

The ya-t coefficients due to  aileron  deflection (fig. 3) 
show about the same trends 88 wcniid be erpected on 811 unBwept King. 
When two ailerons are considered deflected  oppositely, adveree yetvlng 
moments are  obtained which a r e  small at low angles of attack and increaee 
&a the @e of attack is increased. 

The hi-nt-coefficlent data i n  figure 5 show that the aileron 
had a slight upfloating tendency at a = Oo. The variation of hinge- 
momant coefficient with angle of attack C measured at Sa = 0' 

increased fram about -0.0046 at a = Oo t o  about 4.0175 at t b  higheat 
angle of attack tested (see fig. 8), resulting i n  Q etrong  upfloating 
tendency of the alleron at high angles of attack. The variation of 
hi-nt coefficient with aileron  deflection C was about -0.0062 

at  anglee of attack below 12O, and as the angle of attack waa increased 
to 25O, the value of C increaeed t o  about 4 . O O g O .  

h, 

h€i 

hs 

Values of C and C f o r  low angles of attack have been h, hs 
calculated by the method outlined in  reference 9 t o  give -4.0029 
and -0.0066, respectively, as cmpxred t o  the  experimsntal vduee given 
previously. 
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Wng and fuselags with leadi-dge and t r a i l i w d g e  flaps.- The 
sunmry cum88 of figure 6 ahow that Cz was increased slightly in  the 6 
low and moderate asgl-fettack range when t h e   l e a d i w d g e  flap was 
extended. A t  angles of attack above 20°, however, the values of C 

were about the same as for  the wing without flaps. The l e a d i w d g e  
f l a p  had practically no effect on the yawing-mt,  hing-ment , and 
normal-force characteristics of the  aileron. The further  addition of 
the pmtial-span double slotted flaps caused a slight reduction 
i n  CZ8 at luw angles of attack but produced an increase at high angles 
of attack, 

26 

The conbination of leadimdge and double dot ted   f lags  caused an 
increase i n  C b  through the  e,ngle+fettack ran@ and also caueed 8 

slight increase i n  C h  in  the lw angle-ofettack range but caused a 
large decrease in C at angles of attack above 13'. The conibination 

had l i t t l e   e f f e c t  on the normBL"force coefficiente. 
4s 

The yawi-mt coefficient due to equal up and down ailerons was 
adverse at all angles of attack above 5O when the cordbination was 
deflected. (See fig. 7.) The variation of yawing moment with angle of 
attack for  full up asd down ailerons (50' total) was about the same as 
d t h  flaps  neutral. 

Effects of a w e  and rollinn on himze4mment characteristics.- 
The hing-nt paramstere (& and Ch6 have been combined into one 

paramst er (2%' by considering  the wfng i n  R steady r o l l  st a rate 
which is proportional  to-aileron  deflection, Values of C * were 

h8 
calculated *om the equation 
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where 
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%' rate of change of aileron hinge momsnt with deflection 
when wing i e  in a s t e w  r o l l  

2(-)p 

ma 
ra t io  of effective change' in angle of attack  to  ai leron 

deflection in a steady roll .  (The value of 

found t o  be -182c froni data given in references 10 

2( .44p wBs 

ma 
28 

and 11.) 

where  the subscript 

aileron chord. 
balance and Ch/Ca 

The results of 

ba l  refers t o  the aileron with an internal nose 
is  the r a t io  of the nose-balance chord t o  the 

the CalculatioIlEl *can figure 9 compared with the 
test results of figure 8 show that ate- rolling reduces C for the 

unbalanced aileron with flaps neutral from 4.0062 t o  -0.0032 at a = Oo 
and causes similar reductions through the  angle-of-attack range. 
Similar reductions m e  also shown for the other model configurations. 
The r e a u l t s  also show that the balance chord required t o  reduce the 
control-stick force t o  zero in a steady roll is  about 55 percent of the 
aileron chord at low angLee of attack and increaeea t o  about 62 percent 
at high angles of attack. 

h6 

The le" flap had a negligible effect  on the hinge-momsnt 
characteristics of the balanced aileron in the roll. Deflecting the 
leading-edge flap and double slotted flap in  combination cawed an 
increaee in  the balance required  for  zero stick force i n  a steady ro l l  
to about 62 percent at law angles of attack and 65 percent at high 
angles of attack. Thua, if  the aileron is balanced t o  give desirable 
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control  ‘stick  forces at high subsonfc speeds, it will be underbalanced 
at lan-pwoach speeda with f l a p  deflected. It i e  poseible that 
if a wing such 8s the one tested is applied t o  a very large airplane, 
the  stick  forces might be W g e  in the h n d i q p a m a c h  condition. 

Spoiler Characteristics 

Wing without flaps.- The characteristics of the  plain spoiler on 
the Kfng without fmelage or f h p e  (fig. 10) indicate that the outer 
portion of a full+- spoiler wa8 much =re effective  than  the  inner 
portion. Increaaiag the 0.lOc spoiler span *am the otrter 40 percent 
t o  the  outer 63 percent of the semispan (a span increaee of mer 
60 percent)  increased  the ro l l i ng  mnment caly ‘about 35 percent at an  
angle of attack of about Oo and less than 35 percent at higher anglee 
of attack. =her inboard extension of the spoiler span frcrm the 
outer 63 percent to   the plane of symmetry resulted. in reduced rolling 
mcments even at law angles of attsck. A t  the highest angle of attack 
investi@ted (24.g0), the spoiler became ineffective in producing 
rol l ing moments e 

Wina: and fuselam with& flaw,- The addition of a fuselage had 
a negligible effect on the  characteristics of the King with plain 
spoilers at luw and moderate @ea of attack, (See figs, 10 and U.) 
A t  high m e a  of attack, however, the apoilere retained more of their  
effectiveness on the wing-f”u8eLage combinations than on the wing alone. 

small proJectionrr of the plain or step spoilere gave reverse 
rolling mcments such as have been pxmiously noted for eimiLarlg located 
spoilers on unswept wings. (See reference 12.) Wending the  step 
spoilers inboard from the t i p  caused  increases in rol l ing moment which 
were lese than p o m i o n a l  to the iacreaees i n  apoiler span in   the low 
and moderate tm@e-of-e;ttack range. A t  angles of attack where atal l ing 
occurred on the kng the Inboard P0rt;ione of the  spoiler were ineffective 
in  producing rolling maments. The rolltag for the p la in  spoiler 
were approximately  groportianal t o  the  spoiler span at low and moderate 
angles of attack when the  spoiler me extended A-om the t i p  to the 
0.6% etation.  Farther  extension inboard t o  the 0.3% etation 
resulted in increased roll ing momsIlte but in a smaller proportion  than 
was observed for  the outboard spoilers. Mensfon inboard to the side 
of the  fU88kLge.restdted In no further increaee in  ro l l i ng  moment even 
at low angles of attack where no s ta l l ing  occurred. A t  hi& angles of 
attack  the inboard portions of the spoiler los t  their effectiveness 
t o  the  extent that the  spoiler on the  outer 20 percent of the semis- 
produced as much rolling moment as the  spoiler  extending fram the t i p  
t o  the  side of the  fuselage. The outboard portione of the plain spoiler 
were slightly more effective  than  those of the step spoiler  in  the law ard 
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moderate angle-of-attack range, but the  step spoiler YSB more effective 
than the plain spoiler in the high angle-of-attack range. 

effect on the spoiler characteriatics. The further addition of fdl- 
span double slotted f laps  (fig. 13) caused a conaidemable increase i n  
effectiveness for both the plain and step spoiler, Exbending the 
spoiler Inboard from the t i p  cawed about the same percentam increases 
in rolling mrrmsnt as were noted on the model without flaps. 

Tests of inboard spoilere ahwed that at an angle of a t tack  of lo 
a 5 8 - p m e ~ e m 1 e ~  inboard plain  spoiler produced lees rolling 
mcHnsnt than an 18-!percent-;sem€eFarn outboard spoiler. The inboard step 
spoiler was s-ht more effective  than  the inboard plain spoiler. A t  
the stme angle of attack the 58-perce-emispan .inboard step spoiler 
produced only about three-fourths the  rolling mmnFlnt %hut a b m r c e n t  
outboard step spoiler produced. As the angle of attack was increased, 
the  effectiveness of the inboard plain and step spoilere decreased until 
at  about l 5 O  angle of attack the effectivenee6 was essentierlly zero. 

C o m ~ s o n  of Aileron and Spoiler 

Although data were obtainsd for aileron deflections up t o  &25O, it 
i s  improbable that deflections greater than about k l 7 O  can be obtained 
with a conventional internal, nose betlance on the  aileron on a thin Xing 
such 88 was used in the p s e n t  t es t s .  The 0.10~  projection of the 
spoiler is  probably the madmum that coula be obtained  with a 
retractable arc4ype spoiler. The following commaon between the 
aileron and spoilere, therefore, has been made on the baf3i8 of a mximm 
totd aileron  deflection of 30° and a maximum spoiler projection of 0.10~. 

(fig. 14(a) ) at CL = 0.1 a step spoiler extending from O.3$ t o  the 
t i p  and projected 0.10~ produced about the ~ a m s  rolling mamsnt a8 u 
total aileran  deflection of 16O. The plain apoiler under the aame 
conditions produced about the same rolling moment as a total   ai leron 
deflection of 18O. A t  high anglee of attack with flaps neutral the 
plain  spoiler produced about the same roll ing mment as  a total aileron 
deflection of Eo and the  step  spoiler produced about the 4ame rolling 
moment as a total aileran deflection of 20°. A total aileron  deflection 
of 30° at 0, = 0.1 produced about 65 percent more rolling moment than 
that obtained xith the most effective spoiler tested.  These equivalent 
aileron deflections are based on the 1-peed data preeented in t h i s  
paper and do not  account for co~npreeeibility and wing-twist effects. 

The compa;rison share that for the  flapeGneutra1 configuration 



- Compwisons of the aileron and spoiler on the flape-deflected 
configuration  (fig.  14(b)) m e  made herein at the B I L ~ S  lift coefficient 
rather than the sane angle of attack because the  spoiler allowed the use 
of full"spaa flaps, whereas the  aileron  limited  the spm of the flap. 
A t  8 l i f t  coefficient of 0.9 8 plain spoiler  projected 0.10o-on the 
outer 63 percent of the s e e p e n  produced a r o l l w e n t  coefficient 
of 4.053 and a step spoiler produced a roll-nt coefficient 
of -0.048. A t  the mme lift coefficient 8 t o t a l  aileron deflection 
of 30° produced a rolling-moment coefficient of 4.035. A t  0 ' 9 C L  

(a lift coefficient of 1.60 and an *e of attack of U . 3 O  wfth 
spoilers deflected)  the same plain spoiler o r  step spoiler produced a 
rollin.g+namnt coefficient of 4.042, and a to t a l  aileran deflection 
of 30° (C, = 1-60; a = 15.3O with ailerons deflected) produced a 
rolling-mament coefficient of -0,029. At the highest angle of attack 
tested, the spoiler  effectiveness  decreased t o  less than m d l f  that 
at  the low angles of httetck. The spoiler  rolling-mnt  coefficients 
at Ch are equivalent t o  about 20° total  aileron  deflection. 

Thus, it can be seen that the spoiler configurations tested were 
more effective  than  the afleron on the flapedeflected  configuration 
below 0.gC but at CL,~, the aileron I s  superior to the  spoiler. b' 

Projecting the spoilers caused a change in p i t c h w m n t  trim, 
the -tude and direction of which were dependent on the spas and the 
type of spoiler.  Deflecting  the  ailerons in opposite directione would 
produce practically no change i n  trim. 

The yaxing moments due t o  aileron deflection and roll ing would 
produce sideslip €n a direction which,  due t o  the  nemtive  effective 
dihedral associated with sweepforward, would  produce a r o w  mrnnent 
i n  the same direction 88 that due t o  the aileron deflection. Thus, on 
a wing such as the one tested  the swalled "ad~erse" yawing moments due 
to aileron dbflecticm and roUing would tend  to Increase the  rolling 
moment s sd  the "favorable" swing m n t e  due t o  spoiler pro3ection 
-would tend t o  decreaae the rolling moment. An airplane design, however, 
would probably incorporate positive  geametric  dihedral t o  counteract the 
negative  effectfve dihedral of the sweepforward with the result  that 
adverse ya#ing momsnts would tend t o  reduce, and favorable yawing moments 
w o u l d  tend t o  increase the rolling moments. 
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Values  of the wingdip helix angle in a roll have been 

calculated  for the spoilers and aileron on the hlgh+peed and landing 
configurations of the wing. They were calculated from the relation 

Pb 

A value for C2 (wing -ping coefficient in  roll) was found t o  
be 4.363 fromthe data of reference 11. 

P 

The calculations indicate that at CL = 0.1 with flaps neutral, a 

t o t a l  aileron deflection of 30° will produce a value of - zv of 

about 0.10, and a plain  step spoiler grojected  0.10~ on the outer 65 par- 
cent of the semis- will produce a value of & of about 0.06. As t h e  

angle of attack is increased, the value of $, wfiich 30' total  aileron 

b 

deflection will produce, decreases unt i l  a t  O.sLmax (CL = 1.04) it l e  

about 0.07. The value of $, which the  spoiler wl11 produce, increases 

as the angle of attack i s  increased t o  EO that at that angle either 
spoiler will produce a value of of about 0.065. Above ,a = Bo the 

value of - pb decreases until, at 0. g~ it i s  about 0.04 for the 

plain spoiler and about 0.03 for  the step -spoiier. 

2v 

Lmax' 2v 

The calculations  for the flap-deflected  configuration  indicated 
that at. low a q l e s  of attack (CL = 0.8) a.total  aileron deflection 

of 30° WILL produce a Value  of rv Pb of about 0.10, the step spoiler about 
0.13, and the plain spoiler about 0.15. A t  O.gCh (CL = 1.6) the 

aileron w i l l  produce a value of 2v Pb of about 0.08 and either spoiler 
will produce about 0.12. 

A total aileron  deflection of 30° will produce values of 2v pb which 

satfsfy the requiretmants of the Army and Navy &,ability and control 
specification8  (references 13 and 14)  on both the flaps-neutral and 
flapedeflected configurations. 
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Values of * which the  spoilere wlIl gmduce are larger than 

required for  the flapaiLeflected  configuration  but d e r  than  required 
for the flaps+mxkal configuration. Allarances have not been made in the 
calculatians f o r  the  effects of caugressibility and wfng Mst on the 
flaps-neutral  configuration o r  the effects of sideslip on the flaps- 
deflected  configuration. Unpublished data indicate that compressibility 
effecte  increase  spoiler  effectiveness and decrease  aileron  effectiveness. 
WS, it is  possible that the spoilem would produce d8ti~f8ctory values 

of - 2v pb at high speeds. The values obtainable with the  spoilers 

on the  flapneutral  canfiguration at high angles of attack, however, 
a r e  cansidelably below the specification requirements. 

2v 

A lateral-control  imestigation at 8 Reynolde rider of 5,3OO,OOO 
of a 3 2 O  aveptf oruaxd Xing of aspect r a t i o  5.8 indicated  the f ollcming 
conclmiom3: 

2. The addition of a leadi-dget f lag on the znboard m i o n  of 
the wing resulted in a sli&L increase in  C through moat of the 

angle"of4ttack range but had a negligible  effect at maxlmm lift. When 
a pa;rtialMpm double slotted f l a p  wae deflected in combination with the 
leadiqp3dge flap, aid not decrease t o  ae law a value a t  

lift as with f l a p  neut*. 

26 

c28 

3. The pxiDg-monnent characteristics of the  aileron were similar t o  
those for strai&t xfngs; that is, ailerons deflected f o r  8 roll t o  the 
right produced yawing m a a e n t e  tending t o  yaw the model t o  the left. 

4. The rate of change of hi-t coefficient with 
deflection C for the mbalanced aileron  Increased from 4.0062 at 

lar angles of a t tack  to  4.0Og4 at mxlmum lift. The rate of cha.nge of 
hi-nt coefficient with angle of attack f o r  the unbalanced 

aileron  increased f x m  4 -004.6 at low angles of attack t o  about 4.Olm 
at Iaaximm lift. 

hs 
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5. The leadiwdge f h p  had a negligible effect on the aileron 
hinge-mmmt characterletice. The cambination of le&,iwdge and 
double dot ted  flaps, however, caused an increase in C through the 
angl-f-etttack rango and a large decrease in C h  i n  tlie high -4- 
of'ttack range. 

hs 

6 .  Calculations which c d i n e d  the effects of C and an internal 

no88 balance on C in steady  rolling  indicate that, if the aileron i s  

balanced fo r  the high-speed condition,  the underbslrrnce  which would 
occur at high angles of attack ml@t Woduce excessive control  stick 
forces in the law-epeed conditions. 

ha 
h8 

7. Spoiler lateral controls  located on the inboard portion of the 
en@: were considerably less effective in  producing rollfng  mmnte than 
spoilers  located near the   t ips  even st low angles of attack where there 
WBE no stalling on the wing. A spoiler on the outboard 20 percent of 
the semispan IPaintained most of its effectiveness to   t he  highest angle 
of attack  tested. The rolling  effectiveness was about the same for a 
step spoiler 8s for a plain spoiler. 

8. The ma3imLnn rolling moment due t o  pro3ecting the spoiler 
10 percent of the wing chord uas equivalent t o  about 20° total aileron 
deflection f o r  the  flapneutral  configumtion. The same spoiler on the 
ving xfth full-span double slotted f l a p  and an fnboard l ead lwdge  
f l a p  produced about the same rolling moments at all lift coefficients 
below 0.9 a0 wo total aileron deflection produced on the vlng 

with prtial-spetn double slotted fhaps and the l e w d -  f l a p .  
Above 0.gC however, the  effectiveness of the  spoilere decreased 

h 

%%xa 

Sharply. 
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NACA 65- 210 airfoi1 secfion - 
Sfreamwise section thickness 0.078 c . 

Figure 1. - Detai ls  of wing and fueelage. A = 5.79; S = 23.58 sq ft; 
taper r a t io  = 0.389; e o u t  = 1.8O; dihedral at reference Une = Oo; 
incidence at r o o t  chord = Oo; fmelage f lneness ratio = 12 : 1. 
L h e a r  d3mmlons in inches unlese noted. 



. . . . .  ... 

-0.9844 I 

:I ..... I . . . . . .   . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  

I 
I 

. . . . . . . . . . . . .  



. .. 

* .  

I- 0.970b/2 - 

WIW chord line 

0.92O 

FJOP chord line \ \  

. .  





. . . . .  



\ 



NACA RM ~ 9 ~ 1 8  25 



, . . . . . . .. . .. . . . . . . . . 

. . .. .. .. . . . . .. . . . . . . . .  . 

I 

.. . . .  . 



0 

-. 0 1  
cn 

.03 

.02 

- 01 

0 

-.OP 

"0.3 

:04 

1.2 

.8 

-4. 

-.8 

1.0 

.8 

.P 

14 

'.6 

I ' 27 
. I  .% . 
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(a) Flaps neutral. (b) LeWg-edge fhP deflected. (c) LeadIng-eQe f l a p  and 
double slotted f lap  deflected. 

Flgure 8. - Variation of aileron control and hhge-mment  parameters with angle of attaok of 32O 
sweptforward wtng with fuselage e 8, ~3 0' W 
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Figure 13 .: Characteristics of spoilers on 8 32' Swptforxard whg 
with fuselage, leadlng-edge flap, and double slotted flap 
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( a )  Flaps neutral. 
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(b) Leading-edge flap and double alotted flap deflected. 

Figure 14. - Comparison of aileron and outboard spoiler on a 
32' sweptforward w3ng uith fuerelage. 
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